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" Twis ropont & an wvewigarien of . shortvange,
Iow—sitinde rrgets sbsarved on ground-bored comsel roders. Ses
‘ chaver ploys an impertene part o8 S~bond end higher repencies,
i bt it s relatively wnimgoriaont o L-bond. Procticel'y ofl the
cimerved shortvonge kepen of L-bond we dus © reder sehem
e b
. A wmwitivity fmg i 819 oform generesor is described

that elimnsres the bird returms and ollown both moruel erd evte-
Maric syweus 10 coeres et bombers and fighter—type eircrelt
i oll regiane en normel doys without swpping.

In ories 10 be offactive in elimirating birds wiile #ill setuining
Coverape sgairst eiccreft, the STC mut be teilored 1o the gain
characterivic of the recoiver. Since the range independence of
the rarget rejection depereis criticelly upon the wevelonm, the sits
pursonnel shouid not be ellowed 10 change the wovelorm enceps
etk 1t % @ sordard. The S1C shoyid be considared & & ssws
of remeving “poi1° torgen en the busis of rerget redar crom s~
Son rurhar than e @ mewrs of 1emoving ell ywwerted senova.
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"~ UNCUASSIFIED

ZLODONATION OF A TYPE OF NATURAL CLUTTER
DI L-BAND RADARS

1L INTROODUCTICN

For 8 sumber of y=ars, radars — especially coastal radars = have been sbeerved o display
‘ » .0t 2n4 medium raages many Bargets that do not seemn to coincide with any actual reflecting
. sapecis. A great maay of Shese targets arc not removed by moving target indicator (MTI) tech-
i mw&nm.mcuhhﬂlcmmw. The targets are uaually se
' vus in a ta] radar :hat the tnnermost portion of the plan position indicator (PF1), emt
i buor”uuwlmknnwdbotypelnudnm is not useful in surveillance o o
i imtercept direction either with a 1 system ¢ human operators or with am automatic datae f"'"’" °

precessing sysiem such as SAGE. in 3 manual system, the *hole® 1n the radar coverage may be .- R

' ofl:cially recognized and rejecied or 1t may be ignored unconscicusly bat, in e1ther case, e
! operaor finds it impossible 1o wack ary but very large aircraft in regions exhibiting these tar=
ge:s. Because the number of such targets is so large as to saturaie the computer is SACE, he :
central area of the PPl must be “mapped.® that is, the data are rejecied from these arcas befere -'.f e,
they enter the computer. Although ia 3 manual aystem the large aircraft may be trached by e L - '.' y
larger returns, this pr 18 Leuted be of the restrictrd dynamic range of the phosphar
used in the PPl scope.

mm“quuwmﬁxduunsm‘mnmn.mdwneﬁ
inzerpulse interval in order to reject small targets, ofien improves the situstior. for both manml
and automaic systems. N %e gaiis is made 100 jow at short ranges, however, be srt result in
i frequently 10 remove the aircrafl returns as well as the wndesired targeta, les ing the cemral
' parton of the PP1 quite clean, but sull prevenung tracking through the ares. §t is therefere
imporiant “hat the shape and magartade of \ne STC waveform be quite carefully cantralled in
esder 10 conform to the range dependence of the argets 10 be rewmoved.

L ans cmew et @ S

IL. THE BIRD IDENTIFICATION EXPIRIMENT
A. Target Oraracteristics

) Figure 2 shows the PP1 d:splay of an L-band (1109 Mcps) constal radar on Cape Cad am a

: trecal day. The range mirks are at 3 spacing of 10 a.mi., with full scale at 30 a.mi. This is
2 sormal video presentation = shich the land ares of Cape Cod appears. The mamland of Mas-
saclssets appears at 8 range of adout 2% a.mi. 10 e u ot of the site, _nd cuts off st sliginly
greater rarges because of “be racar hor:zon. The mau> targets visible over the wawr arcas
are the undes:red tergets under doscassion. The ring at adout 8 n.mi. is caused by large faed
targets a1 Provincetown, on the tp of the Cape, vhich are v'sible an the side and back lobrs.
F.gare 2, aken withun a few .28 of Fig. 1, shows the same ares with MTI presewtauen. 4
great number of targets are st visdle, although the land aress have becn removed, whuck

.
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Fig.2. PP presentetior of MTI videc token
shortly ofter Fig. | under some conditions.

ion of nermel videw fom
AN FP3-] rodor ot South Trere (10-» mi. ronge
warksy full cale 50 a.wi.).

Fig.1. ™M

indicates that the MTI is funciuning jruperly. In fact, ihe land arcas sppear as silhouettes in
Fig. 2, since very {ew moving largets sppear over them because of the finite subciatter capa=
bulity of the radar.

This experinunt was begun »1th an AN/FFS-3 radar whose lower heam, having a verticsal
heamwidth of approximately 3°, just *scrapes® the horizon at i1ts Jower J-db punt.  The upper
beam, of approuimately 9°, 18 pusitivned Just above the luwer besm. The undesired targets
were visible un the lower beam but were not cbnrved on the upper beam. Ia later poruons of
the experiment, an AN/FPS~20 vas uerd,

Questioning the operating and maintenance personnel at & radar site as o the 1denuty of
these targets usually elicits respunses such as *AP” {anomalous propagation), *aimosplerics,®
® sea clutter,® ®angels,® or even *1 dou't know.*

One of the Most imparant consuirrationg was to determine the identity of the *argets and
whether they were all of the same tpe. A very powerful tocl in this effort was the coherent
video out of Uve IV phase detector as viened om the A-scope. The antenna ws stopped and
allowed 10 searchlight at an azimuth containing the wndesired tacgets while the A-acope nes
viewed. Figure ) showe sea clutter st shurt range, and two of the typical undesired argets at
longer ranges. The rage scale haa been expanded 80 that it shuws § 10 20 A.m1. 1a order to
show greater detail in the region viened. The 2ea clutter 18 seen 10 Aave noasy amplitude chare
acteristica. Thie photograph was taken under very mindy conditions and 18 ane of the very few
v obaervatums of sctual sea clutter during the ene
tire year of this experiment  Even under these
wnusual conditions, sea clutter 18 \isible only out
to about 12 n.mi. Usually, mo sea clutter at all
18 ubserved at this site. Invest:igation of the type
ical undenired targets shows that each 10 a dise
crete target having a pulse leagth equal to the
transmitted pulee length « that 18, each is essen~
tially a point target. The coherent video varies
in amplitude from pulse to pulse as the phase

Ca anad <

"'4.1\.~""."’.
RIINLIVY AL
t [

LI}

fig. 3. A=icope presoniution of cohoramt videoo
(¥ phore-detecter atpni) frem AN FI3-20 &
South Trwro (full xele apprenimately 20 & o).
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changes bovause uf ¢l nge in range, shich iadicates that each 23 2 moviag target. From eheers
3 vatun of the julse shape on the A=soioque and measurement of Doppler (requency shuft using a
red pulse stretcher thoxcar) centerad upon ndividual targets, 1t is apparent st ench *ac get
has a discrete velovity that changes ¥ a sunwsiaat Fandom manser, and thot sfucent wurges
often Rave guite different rad:al veluifies. '

AMeasurement of the true Duopler frequency would be a measure of true radial velecity but,
bevause of the low repeution rates of the radars used, the first blind speed is uppreximately
0 Anots; measurcment of speed 18 therefore ambiguous, with an ambaguity intertel of about
{ 40knma. \Measurement of ajparent Duppler {requency and simultaneous rough messurement of
‘ range rate on the A-icope were uned 10 resolve the speed ambiguity. By this murms, it was L _
{ . deteruuned that the range rate ainwst certainly did not exceed 90imois, and that 8 was usually JEE v o
; : less than 30 ur 60 knuts.  This has also beea verified by measurement of elapsed time and dis~ . T S co.
!

- e
- B W

P NY adal o O

tance traveind by these targets un scan-by-scan PPl *movies” isee Sec. 11-G). Chmervations at S :" )
various azimutha indicated that most of the targets were of the same type. They were cbserved -
o remain in the heam of e scarchlighting antenna for a3 little as a {e'r seconds, and sometimes
for as loag as svveral minutes,  The scan-by-scan movies show that many of the mdividual tar-
gets are discernble for an hone or more, although vsually they would not remain in a search«
lLighting beam fur vven an appreciable fracuion of that time.

- B. Diwmal and Seasunal Variations

Havng determined that the targets ure mostly 3° the same type, the next precedere was to
determad the diurnal and scasonal variations of thear occurrence. The personnel ot the site
stated that most clutter of this type occurs during the summer months, but the exset vaciation
- was not documented b, records. For a period
rv . of a year, heginning in December 1954, many
F - . . days (and nights) have been apest abeerving the
. ' . PP1 scope an MTI presentaticn for divrnal var«
iauons, and many periodic and scan-by-scan
. ) - photographs have been taken over l4-nour
A ' periods. The present data therefore show the

! diurnal variations approximately eme day a
week foo a year. *

In general, there are more of the targets
1 ’ dur:ng the summer months than dersmg the wine
k o : ) L ter. Except for certain periods s the spring

and /all. there are usually more targets during
:‘:':‘m'"o::':"::m‘s?“ o o typicel dayi:ght husrs than during the night. Figure 4
shows the daytime distribution om a typical wine
ter day. The region at sn azimuth of 120° seems 10 be a preferred region that var,es some vhat
inazimucth and varies in range from 15 10 39 nomn., although at times 1t 2xtends beyend 30 n.mi.
This region has bren ohineryved theimghout the period of the experiment. Attempts bave been
made 0 find some gurface shenomenon that might explain the preference, hut the Sydrographie

(€]
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{ad 13 mimstes ofter merning civil twilig. Tip of 0) 26 minutes belore wwise.
Cape Cod ouvtiinnd by moving turgets.

r 17
k. 0 b o .
. y o
o ‘
, - ) L
‘ F
.. e
(<) S minures befere nunrise. (d) 16 mintes ofter nawite.
Fig. S. MYl &epluys on ¢ sermel winter doy {1-n.mi. renge maria),
L}
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chasts show 80 W 100(athons of Later 1n the preferred region. Loval piluts and fishermer siate
that the water 1s csually rougher ia th:s region than in surs *und.ng areas, probably because of
interaction of oppocing curreats.

Figures 3a) through $4d) show a sequence of piciures at 21 -mumcte tervals ewcompesding
sunrise on 4 Feoruary 1957, On that date, morning twilight siarted at abos:it 0648, 15 unutes
hefore the first picture. In F:ig. Ha), the t:p and *wr=ist® of the Cape are plainly outlined by the
undee.red targets. In Fig. 5(b), taken 21 munutes later, ‘he vutline 18 no longer visible, and
targets are scen beyond 20 n.mi. at many wlimwths., Figure 5(c) is % munutes before sunrise
ana shows even greater apread and density. Figure 5(d) 13 16 m nutes after sunsis® and shows
e continuiry; spread. Viewing this same period on the scan-by-scan mov:es shows that the tare
gets at first appear at the shore of the Cape travel in apurozimate.y straight l'nes in their overe
spreading of ‘he scofe. During the day, there 18 8 general milling around, with usua.ly 8 general )
drift component in the direction of e sirface wir ). In the ¢vening, the trend is toward the I L B
Cape, but 11 18 not 50 maried as during the mornng outuard rush. '

Figure 6 shuws a RAPH dispiuy on a winter afterncin. The range is agsroximately 50 n.ma.
fall scale. The firs? 10 n.mi. are gated out in the F5T-2. The tube used 1n the RAPPl has s
phosphor of extremely long persisience, 80 that the tracks show the history of the targe's. The
tracks 1o the souh are aircraft that use NXantucket as a turning point. The shorter tracks ace
the wargets under discuss.on. The relacive le.gths of the tracks are & measure of the relative
spceds. 1t 18 interesting 10 nute *he random directinn and alinost wniform speeds of the unde-
sired argers.

In the spr.ng, afier the normal torget density has reduced ‘n the eveniny, the scope becomes
overspread with a great rusibr f targets with aearly un.forin dens ty, aspproaching from the
sauth and heading ‘wwnard the northeast, w.h their density reducing about .mdnight. In the ‘al,
the 1:m:ng 18 sumewhat d.fferent. The targe's appear somewhat later, continue until nearly dawn,
and move in a general snuthrard direct.on. Figure 7, taken . *he fall, shows the type of distri=
bution observed. The gerera! d.rection of the targets is usually afiected by the surface wind

: S e T r -

v .
: l e i
1 "/'? r: .

A ' , ' ‘ {
. : . 2

Fig. b. RAPPt divolay of MT| vides on @ wintes Fig. 7. MTI diwiny o sesthbound targets ¢1 en
alvernocon. Bosar sitated ot cevter of “hole® Sutmma aight (10-n_mi. renge marks).
slightly above center of picture. .
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#':- d&irectiun, but their velocity 18 much grester than the wind. When this picture was.taken, Belr
‘;." . . velocity was between 35and 6% knots winn the surface wind was 16inots. & wind pfdﬂeqb
L ; 20,000 feet showed no wands at any altitude that weuld account for the mction. It should be neted

*hat there are seclors 10 the east and west where there are very few targets. This is becamse
the Zeneral motion ik scsthward, targets st these szimuths have ne radial velocity and are there-
fore rejected by the XTI circuitry. The few targets seen at these szimuths 2re due mastly to
local targets traveling ia. o ovt.

el
[ ]

C. Possible Kentifications - ’j. ._._

At this point, it 1s appropriste to crngider what poseible explanations might be advamced fer y
these targets. The general class of targets of which these are one fype has been labeled )
®angels® — radac retamms {rom unknown or invis:ble targcts.

¥ .
'

g

e
.

. Sea Clatter

The onguul Lyporhesin of the personnel at the site was tat the echoes were ses clutier.
The pownt-target, finiie-Lifetime and discrese-velacity properties, however, are inconsistent
with sea clutter. In sddition, there is not the proper corrclation with wind direction and nhﬂv.
A nisit 10 an ADC site eqrupped with both [-tand and S-band radars of comparable senstivities
showed that, when the S-band radar was voserving sea clutter out W 20 n.mi. or so, the L-bond
se2 showed only these pomt targets and 0o distributed sea clutter. Theoretical iavestigation of
known sea-clutter observativns made from sircrift ndicates that, with the power and beamwidth
<f ADC radars, surface-mounted L-band sets shculd mot be expected to observe sea clutter bee
! ymd a mle or so, winle at higher frequencies 1t should be observable 10 greater rarges. This
is because the grazing angle above which sea clutier is visible decreases with decrease im radar
wavelength as well as nth increase in wave heighi. .

e

' f

¥

2. Weather
Some meteorolyists believe that most “angels® are due to at pheric inh gener o

ooe type or another. Theories have been propounded of atmosepheric *bubbles® — regions of sharp
delectric-constant discontinuities, or voruces giving rise 0 reflections. The theories are sot
capable of predicting revirns of the size cheerved. Such bubbles and vecrtices would be esprcted
10 move with the prevailing wind, and the cbser~ +d random velecity changes and velocity differe
ences of adjacent targe:s, as well as the large velncities relative to the winds, are not consistent
=tk such bypotheses. Evidence concerning horizaa of the targets under discussion indicates that
they are usually at Alt.twdes of Jess than a few hundred feet.

3. Insects
The meteoroiogists bave done a great deal of Beir work at K-tand, where the waveleagh is
comiparable with insect dumensions, and there appears 10 be evidence that at least some of their
targets are due 10 i1nsect returns. Insects are m the Rayleigh region st L-band and should be
aegligble. .

4. Birds
A fourth possible interpretation 18 that the.™ targets are returns from birds. Reports of
b.rd s.ghungs with radars are numerous I the Ilerature; some of these reports are Listed in

é
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e dl:ography of Appendsz A Messmuremenss perhermed by A Ferce Cambridge Research -
Cemser (AXCRC) and ax the MLL T. Laboratory fer Mamlacen Resserch & cemymcton with
L:ncola Labarawey prejects = ©¢ DEW Line have mvkcated that a 006 gull behuves as hough
be 18 & @iart of waier Milecd) Ny:ag around. At the warelengh of B8 Fidar, & guart of water
wea'd Rate 8 €08 petue £ Ba crder of 0.03 square mer.  Thut ameurt of woter ix 3 sphece,
which s a posschle to Treat both snalytically and expeimenrally, weuld have 2 s12¢ ia Yo
&racor regan for 1500 Mops.

1

84
: heyemck — } 4 DeoNTOR —
DFOWEN T, = § ‘ OCUBENTM, smene
- $} Evpeom I8P o DrTEENIM.
. =T e } l PONTS

0/ | 4 .'

e
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F3. 8. Beder cren wetion of (o) ool od O vorer gl @ ¢ hnctien ’
of raden eovelongrh,

F.gure § shous how the radar cress section for 8 sphere Varies it vavelongth. The r wie
geaal scale 18 e rate of circurference of the sphere w0 e udveiength of the radiation, and
the verucal scale is hr rane of the radas cross sectem % he gecme'rical crues section. [ The
figires are {rom Adea, *Eleciremsgnetic Scattering freem Scheres w th S.zes Comparable to he
Wareierga ® J. Appi. Phys. 25 601 {1951).] When the circumiervace 18 equal 1o the wavelength,
the *ground save’® travel.ng areund the sphere Just 3Ais I the A xires wave 1 such 3 way a8 W
give maxsrarm refllecon. THhe peak comes at the same radiis fer a metal (ronducting) spher2
as for a &gulled-sater (delecric) sphere. The solid curves are Jeucetical, but the pounts and
dashed curves ATe eaperimenta and match he theory quite well. THE MEAMrements were pers
formed a: Craft Phrsies Livwsmary of Harvard Cniveesity. The quant of water aentioned weuid
come at De firet Cimmm ~ & Cap of vater having slavet a3 arder of magnitude greater croes
sechon.

Of course, e bird 8 a0t 2 sphere, But Mmoot of ¥he M 324re 18 contamned 18 he balr. The
AFCRC mess.remers indicate 2at he bird behsres rwere ke 8 cone, the Rose-—sa sspect being
apprec:adly gresdwrr that the tal-om aspect. Becsuse of e maay compounds disssived n the
bady - é8, 8 brd Moce Brarly apprreches 8 conducting ok == ~* ““aa 3 d.¢leCIlic ane.

Carg a consemstys esruv of 1014 -' ‘or the B.rY ¢80 sex .on, then with he knowwn
power, rece.er rowse fgure, aod bram pattern of %o FP3-20 radwr hiving the lewer 3-4b point

SECRET
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of Bee axtouch patieen: en he Norizen; 8 single see gull on he borizen at 130 ueec apprusiioetely

20 o my ) range shou'd g2ve 3 retura sprreximately 38 db above Teceiver aolse.
As an lnstraten of he reascnableness of thua figure, comsider that an F-84, having » cress

srctaen of alcnat l-". 18 reliably viahle w about 18% a.ms. (iadicatng about § dh above asae).

Al 20a.we, » mrgee of §.00014 -‘: wenld give the same rerurn. Ow this basis, the 0.80-m

target venid be Prpecird W 1ve & reirn 22dd sbove nuise at 0 a.mi. The 8- discreyancy is

Bt eacese. o0, considering he qualitative Rature of he CTOSS~S4CUION CSLIMAES, v

B Ebise of Birde

As the scperimental da'a were sccumuiated, 1t was {elt wise 10 wnquire e the Rakrts of
barde.” Prefesser Charles Blake, former essor of Comnparauve Anstomy at M.[. T. sad an
ovid bard waicher, spent some Ume st Linco.n Laboratary discussing the problem. [t seems
St the major portien of e burd Life at Cape Cod i1n he water consists of sen gulls and srn
Suchs vhach are comgarabie :2 s12¢. During the summer, e £ills mugrsie 1o Northern Xew
England and are repiaced by amaller gails and other birds. The gulls {cvd by day, and may
rouge 20 ‘a2 88 M0 A mi. w m Aithuugh they usually ~ome ashree preceding and durng incleme
et westher, They ofien sicep ot 52 18 e minter when the waler is warmer thau the air. Thair
feedung halnts are such Bhat Dey wnd to orbit individually over specific regions of the s face,
each bard having aimeent & prive‘e range from which others are excluded, except when copesus
foad supplics irw svsiiable. During nesting seasons, they tand to come ashore regularly. The
8ee ducha ferd both by duy and by nigi, and may feed in fiocke. Top speed of buth gulls ani
duchs may be between 48 and 62 ir.ots.

K. Mumber of Targees

The puise lengh of the FPS-20 corresponds 10 1,/2 mile of range, and at 20 a.mi. the horie
semtal bramwidh 19 aboat 1/2 sule. Therefore, a uniform distribution of four birds per square
mule conld complete’y blans the PPL. although & much smaller density would expluin the ekserved s
potierns. This 18 vet @ very gresi dens:ty, and a traveler on or above th? surface would set be
APt 80 even Rorice e gulls ia tdus dendity wnless he were specifcally loviune ‘or hem. T
trememdous sumber of targets an the PPY 13 due 10 the comprension of thousends of squary miles

v
e te

..
of he car®’s surface ente a few 8q.are inches of scope face. Even during umes of migratiem, :}
he srope hag nrt been sbeerved 10 be completely blanked by the b:rds. -;-’
. Visual Correlation - . o
On several eccan.ons, (ow-eltitude sircraft flights have been corrristed with the radar sbser- . i >'
vauens. The d.otr:3stiors cbserved from the air have in each case been consigtent with the radar e
poavserns. Actael dewtilication of an "Ndividual target 18 NOt 80 eauy 28 it Might at first sepear. :

Becanse B¢ sireraft 15 2 dright Larget, 1t covers an ares on the PPl almost as large .4 the viewe
ing regien of Bie 21rdurne ebeerver. As menuoned earlier, s.ace "he hietime of the targets 18
varishle, arubably becsuce of the descent of the birds 10 feed, 1t :9 impoes:ble to predict hat 2

*€.9- Limcain o Vinon, M perion of 8inh,” U.3S. Fish and Wileite Sorvien, Circvier Moo, 13 (19900,
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parucular 015y will be vasible w tse cheervwer. Chvicusly, the cbderver will miss seme of the

- Birds bevause they are rather small. They may not be visibie from the 300-{ot A Ledr shea

' they are on the surface with thewr wangs folded. There have bren soverai individudl TArget core
i relations, however, and the statisucs of the obeerved bird distributons are quule gond = thewr
! correlation with the sbserved Fadar-orIet Astrbutions.

G. Scan-by-Scan Pictures

The radars used in tis experiment have an azimuth scan rate of 12 seconds per Pewxutuon.
Scan-by ~acan movies have been made by exposing BUCCESSIVe §CINS GN SUCCEsAIVe Irimes of
33-mm movie 1ilm. When these films are viewed on 3 MOvIng picture projecior 3 1pend up the
tivve scale, persistence of vizion allows examin uon of target Mmotons even when Yhe zunber of
targets 18 20 large 26 to confuse a scope observer operaung on a real-time scale. Ths meane
has been ured to determune that the diirnal and seasonal varations of these targes carresprad
. to sbserved habits of Mras, awakemung snd flying out 10 sea during morning 1aligin awd rearne
: ing during evening twiligat, although ey sometimes scem ™ Mt 52l duwn on the scviae | he
evening. The tremendous rush duz.ng he morning seems 10 be due to the fact that Ser cre all

\, very hungry. During the day, there 18 a general milling about wa scarch of food, and e evening
. rerurn 18 more of a strapgling operauaom.
? The northeastward flow . the late evenung dur.ng the spring corresponds micely A the

' cbserved habits of land birds, which are known to feed and rest durisg the Jay and 3 scart teer
rugratory flights in the evening. The direction of flow coinunirs w122 the direct pat from Long
fsland, Rhode Islana and Cape Cod Wweard Norva Scotia, If 1the birds are to mase 3l trip aboet
<00 nules) during the night when the dinger from predatory dirds 18 RunimMu R, then ey wvauld
be expected 10 leave Cape Cod before midnight, which correlates with the dimunishig u cbscrved
migrating targets.

The suthward flow in the fall continues untal daen, which 18 again conmstent u.a Sop fact
st migratung dirds reach their resung and feeung grounds at an spproprinte Lmne,

Computation of radar cross section indicates that the birds are hotizun-Liruted ~ that 18,

Lvey would b visible 'n free space o » range nuch greater thaa that st “hich ey are observed

1o cut off an the PP, The cutoff at ‘10 a.mi. curresponds te & sasimum alutuce f Bue derds of

less than 300 feet.  Mhis 18 1n agreement <ith the vbservations from low-alituve plasew. 18

which birds are seldom seen at the same ailitude 88 *he plare. Ou Jays of anoma’ass peopagae

tion, which ocrur quite uften .n the summer and occasionally 1 the vinter, when urface targets
are isible out 10 niuch greater ranges than sormal, the birds are often see: out v 120 ami.,

oF even more.

! 1t 18 evident from the vbscrvations made in the course of th:s experiment that a b gA-poner
rPadar, counled with occi18i0nal sirburne identification as 10 trpe of birds, would de<cewe 3 very
sirung Lol in the hande of ar ornithaleg:se

Of trmurse, th-re are son,e targets on the PPl that are not oie 10 dirds. Arnwg e most
obvivus are a.rcraft and wea:her. F.gare % shor s a typical seather dispisy. It shw.d be noted
At the seather 18 moure of a distz.bated :arget, ot shoning wie punt character.s'.cs hat birds
Rave., Observation of the scan=lry=scan movies Indicates the general mass motions of ¢.ouds ar

. ' ’
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© ebserved in regions whete salleys Pxist and the ground clutter is shielded fron: the radar mite

SECRET

ssermn, but the mass 18 coraposed of flicher.ng | M 2 b dainit RO

3pots rather than exhibiang BcAR-te—Scan cov é : L

Lerence as the birds do ba tus regand, 1t has . UE '. Pt

been noted that the number of bird arges dée ~ K- - " l

cicases in mes of inc.croent weather. The - . &; 1 4

rosd % the radar site Leads past several wwn % 4 .

dumps and, on the bad Axys when there sre s Coa \4‘:”;9‘ ::

1ot cf scavehging birds 31 the &snps, Uwre - ~ 1 o

are very few bird targets orer the wiler. E S °. ._
Surface vousels such as fishing boats and i\ L :

pleasure cralt are pevsent m comsuderable < e L N

mrbers during the susuzer montis. Because

of the radar’s relatively jow wutoff veloaity,  Fig. P, Typicel MTI weother dimioy (10-n.al. range

hase are ©vt reroved somtpeisly by tte MTY m&z‘.::;‘:mdmmh‘m .w‘m b o
arantey. :

H. e Slies

Visits have been made % various ADC sites, both coastal and inland, and PP? photurraphs
have kern cbtained. The ccastal siles shux distribut:ons of targets simiiar 10 those descyibed
abuve. The tnland files sdos acly a (ew targets that might be identified as birda. This is probe
ably due to the fact that MTI radars Pase limited subclutter visibility, and the hirds are sup-
pressed by *he Jand clutter, a8 ia F1g. 7. At mountainous sites, some bird returns have been

by ¥ tervening hills, but Sae a_rtsorne birds ~re sull visible.

L. Summary ol e Bird Protiem

On the batis of the eaiculav.ons and ‘he experimental results, it is apparem that most of the
sverwater targets observed 81 cnestal sites are due 10 radar returns from birds, and that the
¥rd problem 16 one of 3 £ ar:tvinian of irdividual pount targets with discrete wiocies. The
msumber of targets 19 'e9e =3 tae winter than 1n the summer at Cape Cod, but tus characwrmstic
18 dependent upon the la=ide of the mite 3nd the consequent cumatic conditions. All radar sites
should huve this proble=: 2o some degree, aid.ough sites exhibiting considerable ground clutwer
Rhave the ‘{T] sensiivity 13 D¢ regions of clutter xo redaced that they will cbserve bin 3 enly
cceasionally. For the ssial AOC radar, the bird velocities entend simost to the Niret hlind
speed, 80 that it I8 impcesble 2 4. 5r.mnate sqainst them in the radar on e basis of velocsty.

Ol SOLUSION OF TUE BIRD PROBLEM
A. Remorul of Bird "etarss by STC {200 also Appendiz B)

Analysis of pronagusm prircipies indicates (the well-known ®radar eqution®; “tat the ruder N
poner returned {rom any “arget is proywo—i.onel to the radar cross section of the target and -
vererly propuriional to re 3. -1 poner of the range 10 the target. Therefore, for a target m
8 given range, the receise Souer 8 proporiional to the radar crose section. Since the o=a 1)

AL J
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,'t' (o= duck)} is approximately 12db smzller thun an F~bb thoae-un) which is, m turn, at jeast 40 or
;‘l 12db smaller than a B-30, 3t is feasible 10 remove bird returns en the basis of target size. A

approach to this method has been in existence for years in the form of STC on many ridare. The
trad:tional STC circuit, using a sirgle capacitor discharge, does not provide a gain variation
that allows setng of a target cross section threshold aver am extended-range ragion. It may be
made acceptable for a particular range segment, but it usually introduces a hole at shorser
ranges. It must be gated off at longer ranges to prevent excestive reduction of sensitivity at
long ranges. The ideal STC gives a receiver voltage grin that varies as &2, since tse received
¢ voltage i% proportional to the square root of the received power.

I order to detcrmine the correct STC waveform & pruvide the prope™ gain variation sver
the region troubled by birds, Group 42 mweasured the gam characteristic of the FPS-20 IF pwrew

amplifier and determined thay, in order 10 couse the voltage gain 10 have the desited R% char-

rer o,

AP

Y acteristie, the applied bias voliage must have 8 DC component (determined by e radar perame }

‘ eters and the size of the targets 10 De rejected) and a time-varymg componest proportional e ’ R i

: the logarithm of time after the iransmutted pulse (for ranges where birds exist) which 18 not ?‘. P °
' L\, Y s

changed in amphitude or shape during any operational adjustmenis.

1t is extremely important that the operational adjustmenis consist only of variztion «f the DC
component 10 acc late 1o the size of Largets expecied, since change in amplitude or shape of
the time-varying component #ill cause birds to show up a1 some ranges, or will introduce holee
in coverage at some ranges.

o vy e

B. The Lincoln Labdoratory STC Unit

A self-contained STC unit incorporating the principles discuseed above has been built by
Group 42 and installed at Swmth Truro. The unit is described in Appendiz D. Fous mane of
. operational experience ind.cate® that it has almoot completely eliminated mapping on normal
days (those days without appreciable weather returns) and has allowed trackung o aireraft in
’ regions that in the past were normally mapped bucause of burda. Mapping 18 the process that
removes regions containing an excessive number of targeis before radar da’a are fed to the come=
puter, :n order that the computir Wrdel-hundling capacity aill not e saturated.

The unit is checked ard installed by both military and civilian technicians who are given anly
short verbal instructions. During the four months of operauon, the only meintenance that has
been required has been duz to tube failure. )

Figure 10 shows an MT1 PPI photograph on 8 normal day without STC. Figure 11 shows sa
*4T1 PP1 photograph taken 24 seconds before Fig. 10, the only difference bemg that the STC wolt~
ade had been apphied 10 reject a target 30 db above notae a1 20 n.mu. This setuing rejects targe
of the same cross section from about 5 to 80 n.mi. It is eeen that most of the targets have been
removed. The targets remaining to the south and southwes® between 13 and 30 a.mi. are targets
Just south of Cape Cod. Investigation by mecans of S.aa-Sy-2:23 phmcgraphe shows them o he
clusters of birds feed:ng near the shore. It is 10 be noted that these targets appear aiso m Fig. 19,
and that no new targets have been introduced by addrtion of STC. Tae targes remaining near

T N

® Mem wardum fran L., Wilber, Greup 21 (7 Jenvary 1958).
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10 nmi. at 310" = 120° are birds feeding in cluisters off Proviaceiosn. The rest of the targets
are sircraft. T

Figure 12 shows a plot of the usual aumber of targets appearing at the output of the FST-2
in the region from $ w0 64 n.mi. as a function of attenuation at 20 n.au., csing e STC uait. The
targets remairung beyand 30-db af’rnuation are real aircraft, shipa and clusters of birds.

1t should be re-emphasized that introduction of sus STC hag sllowed complete rem vl f
mapping oa normal dars without saturating the teiepbone-line eapacity from South Trure, and
that it has sivuitanceusly retained the capability agaias bomber-type and fighter-type sircraft.
except for hign-angie coverage ofi fighters as discussed below,

C. STC 2t Viieo

The manufactarer of the FP5-20 provides. as a field mcdification, an instantanecus sensis
tivity time contral (ISTC)® that is essentially a negauve pedestal applied 10 MTI video after can—
cellation. M the waveform is correct, thes such a scheme would be expected 1o give (in most
regions) equivalent operstion % STC applied at IF, as described in this report. Some additiona}
requirements are placed upon the waveforns when STC is applied at MT1 video.

Becauss of the limited subcintter vimibulity of 3 scanung M T radar, targets are suppressed
in regions of grouad clutter (see alse Appendix C). Large aircraft targets may give very small
video veturns, and birds are eliminated sltogether. 1n s case, it is necessary to remove the
tegative pedestal %o a degree det :rmined by the size of fixed clutter present. The ISTC does
“his 5y mcans of miring in a clutter profile obtaired from a logarithmic recever,

Smce the IF signal fed to the colurem phase drtector (10 provide bipnlar video for the cane
cellation mnit} is amplitude-limited, there is no formauon in the MT] video as to the size of
targets hat exceed the limit level. For inland sites, mbere there is usually ground clutter in *
the first several miles, birds probably never exceed the Linut level. At a coas:al site, however,
close-m bivds may give radar returns in excess of the Lmit level at the phase detector. In this
case, ft is meo‘uhlc 1o remove them at MT] vides without sinmlitaneocusly removing desired
targets.

The application of STC at MT1 video has the add=anal disadvantage that it neglects the nor-
mal video channel. Ia moet ADC radars, the norral video presentation .8 used shenever possible
because it does not bave the loas in sensitivity (¢re 20 bund specds) exh:tited by MT1. Application
st IF allows one wait to provide STC for both norma! xvadeo and MTI channe's.

There appears 10 be no advaniage to applicatian at MT1 video, snd there are several dis-
sdvantages.

D. STC and Cistter Effects on Nigh-Angle Coverage

Unfortanately, e reducticn of guin st short ra=ges reduces the higii-angle coverage capae
bilities of the radar, as discussed in more Jewil 12 Appendizx C. The reduction is not s:ignificant
for large targets such 38 bombers, but it is siguficant Jor fighter aircraft. In the SAGE concept,

since fighters are tracked by IFF, the reduction 1a h:gh-angle coverage ;s a-ceplable. 1f it were

* Momercndum from . K. Mertic ord J.C. Nolen, Bendin Rude Divies (13 iy 1957,
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ckcukd t0 yllize radar returns for the tnci&ing of nghleri. then it would be desirsble to
minimize the kigh-angle loss by means - of an STC mamumumerange gate, as discussed in’
Appendices C and D and included in the Lincoin Laboratory unit.

Swuth Truro 1s a apecial case in that there is very little ground clutter ut short ranges at
any szimuth. in noat seacoist ra-dars, there is very litile ground clutter on the seaward side,
In regions of large g und clutter, however, even large a.rcraft targets are suppressed in the
MT] video because of the finite subciutter capsbiiities. Thus, high-angle coverage, which
dependi upun seeirg a tavget on the *skirt® of the beam (the so-~~'ted cosecart-squared region),
is redured by ground clutter in an MT1 radar, even though the groind clutter cancels well and
does not introduce false targets. (*Product improvement Proposal, AN/FPS-20 T-2650.8,*
Bendix Hadio Civis.on, pp. § to 11, gives a qualit-tive discussion of this effect.) The important
relationship betuneen STC and ground clutter is that, if the ground clutter is large 'nou‘h to
suppress bird targets, which it 18 vbserved to do usually, then introduction of an STC gain reduce
tion that would pust suppress a bird target a: a particular clutter-free range will not reduce the
ground clutter sufliciently 5 have an appreciable effect upon the subciutter visibility, Thus,
introduction «f bird-removing STC applied in the IF preamplifier before limiting does not intro-
duce additiora} suppression of high-sngle coverage in ground-clutter regions.

High-angle core rage could be regained by return 1o the concept of two beams, where the
lower bearn would include STC to remove birds and MTI to remove grouad clutter, and the upper
beam would not cbserve either biras or ground clutter because of their low slt-tude.

Other researches have led to the proposal of intreduction of a !ogarithmic receiver to come
bat noisy weather ard some types of chaff. Exisung logarithmic receivers will not function
properly with the large gaun variations necessary for STC. It is therefore desirable to separate
the I¥ for the normal and al Tl receivers from that to the logarithmic receiver quite early in the
smplifier chain before limiting occurs on any targets of interest. In such a case, the STC should
be appired 10 the IF for the normal and MT] receivers after the branching takes place.

V. RECOMMENDATION

On the basis of the information discussed in thiy report, it is rrcommended that all seacoast
radars (or the lower beam of muliiple-beam seaccast radars) and all other L-band or highere
frequency radars experiencing difficulty with bird echoes should be equipped with STC circuitry
applied to the JF greamplifier. The STC wavefurm should cause the receiver voltage gain to
vary as R” and 1o have arteruation appropriaie to tne site and the radar. The STC in a single~
beam radse shuiid hat« an adjustable cuso!f range ‘0 optirmize high-angle coverage. The tradi=
tiona! single HC d:svharge networx comrionly used for STC does not provide acceptsble operation.

1* 18 imp-ir tant S0 remembec that $ I'C has 118 optimum utility in remaval of individua) point
targets. I ground clutier, weather nr other distributed targets — or targets :omparable {n size
to the desired targets - are 10 be removed, other techniques should be used.
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-~ f . , . : APPENDIX A
r.:i l i ' BIBLIOGRAPHY ON RADAR BIRD SIGHTINGY
! Vaighn Culler, *Birde iz Norders Lantdes.™ Appendiz C, Techaical
.- } Report No. 22, Lincols Ladoratory, M 1. T. (6 June 1953), p. 55.
N l - Sce also pp. 4 and 47 of Wis repert.
. . oo
. “*Stwdy of Unidentified Rada.- Targets tangels),® Communications and !
b Elecwrosics Digest. V1, 2 (December 1954). L
K IS
b . . - .-
D. Lack, *Radar Echoes from Birds.® Report No. 257, Army Operational {
. l Research Groun iondom (1M3). 3

et el

Theedore C. R indell, *Visit 10 he Northern Sites, July 1934, Group
Report 31-110, Lincela Laboratory, M.1. T. (13 September 1954).

Pierre L. de Bourghnecht, "Measurement of Velocity Distribution of ¥alse
Targets at the Nortnern Sites,.” Group Report 49-123, Lincola
Laboratory, M.1.T. (25 July 195%)

A.B. Crawford, 'flu‘ar Keflect.ons in the Lower Atmosphere,” Proec. 1. R E.
36, 404 (1%49).

F. Robert Naka, et al., "Natural Radar interference at L-Band,® and
Robert E. Richardson, *Flimunation of Radar Returns Due o Rirds,*
Group Repocts 42-12 and 42-13, Lincoln Laboratory, M.1. T. (which
Lave been combined into ®is report).

-

Lewis L. Bonham and Lamont ¥. Blaxe, *Radar Echoes from Birds and lnsecta,®
st Scientific Monthly, 82 (Apnil 1956).
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The cuntrolled stages of the IF preamplulier of the AN/FPS-10 are twa 5654/6AKSW
ampl:lars. [n order 10 apply 8 ume-varying gain-coatrol voltzre, it is necessary ™ replace
mo resistors In e gain-control bus decoupling network with 30-Mcps seif-resonant chokes.
The ga.n characterisuc has been measured and 18 presented 1n ¥Fig. B8, where the abscissas

Ty
a e
.
e A — WN—— - > .-
e Vi S OV,

are bias voltage and the ord.nates are gain indb above e —

-

: [ Theiean
! an arbitrary level. It is seen that the gain indb varies

| which the preamplifier 18 usually operated. This
; means that the voltage gain varies as an expcaential
\ o functuon of the bias-voltage increment 1 Yus region:

\ lincarly with bias-voltage change over the region in

o

Aske™ | m T e °

A....-_....-..-..._‘.___.....-
—

‘

] . .
=i i where A 18 the voitage gain, K is a constaat, m i3 T

] determuned by the slope in Fig. B-1, and B is the bias S
voltage {negatve). -

The 1deal STC maintains the output voltage cone

- stant fur a target of a given cross secuon, regard-
’ ' ] less of range. The radar equaticn states that the

- - - < - s Teceived voluge varies as:

$40 100 Bov8 ¢ n2py wee?

R

9:49 tasssnt - L
Fig.3-1. Goin charocreristic of IF V.*D fr . 12
proamplifior of AN, FPS-20, : R

where \’r 18 the received voltage, D 18 3 constant determaned by the radar parameters, ¢ is the
arget radar cross section, and R is the range to the target,

. ——— —— s

H The receiver output voltage 18
( V,* AV, + AD q-’ . b
R
! where A 18 the receiver voltage gain, and \’o 18 to be held condtant for 8 given ¢. Solving ())
for A gives
v 2
o R .
A*p ve ’ ) ) e

Egzat.on (4) 18 0 be equated tu.Eq. {1) for the FPS-20;

vR
2, xe™B

s . 5)

Taa.ng e nataral logarithm of buth sides gives, afler rearranging terms,

2
- v )
. [ 1 2
::, Bl;lnbﬁ-mlnco-;b\l . Y}
-
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Equation (6) shows that the dewred bias voltage contains a NC “erme hal depends wpin radar
parameters. 8 DC term that depends upon the gain characteristic of th- cuatroiled stages and
upon the de~red larget cross section, and a ime-varying term nhose amplitude depends spen e
e ga charac ‘eristic and whose shape varies a8 the logarithm of range (or lugarithm of ime e '
after whe transmtied pulse). ’ o ST

A compar:son of the logarithmic curve with RC discharges of various time constams shows e
that it .8 not possible 10 match 1* accurately over a large enough range interval 10 remeve birda .
effectively. lHnwever, the addition of two capacitor discharges having d:scharge ime corstams
of 40 and 600 s~ ~cepectively, produces an accepiable STC voitage for the reg.on from 30 te e .
1200usec. Fiv * L < is a plot of the 1wo capacitor dischargcs, tozetter with the desired loge- -
rithmi~ curve. The points shown are from addition of the two discharge curves. At very short R
ranges (extremely low recewver gain), the receiver characteristic departs from the exponental -
fora, and TR recovery also changes sensitivity; hence, whe gain departs {rom the desired ;a.
somewhst more than Fig. B-2 indicates.

As discussed in Appendix C, the ¢~parture of the synthesized curve beyond 1200 peer 18 net
serious, since it is not desirable to apply STC at that range in any case. Investigation )8 con-
tnising a8 10 the Jeneral applicability of the Linear db gain vs b.as-voltige characteristie, in
wrder 10 determine whether this shape .n {act applies to other IF amplifiers.

Fig.8-2. Addition of *ve capeciter discherges te appresimete @ logarithmic curve
mm.«uwm..m.mud.u.qmmgm,umwm
the logerithm. Since preamplifior gein sermitivity is ebout 28db per velt of
departwe frem the devired lugariths by 0.1 velt caves ¢ departure ingein of 2
In aperation, @ fined DC 1 wided te W is curve 1o determing sorget sise.
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e AFPENDIX €
. HIGH-ANGLE COVERAGE AS AFFECTLD BY $TC

Figure C-1 stiows the approzimate coverage dicqram for a 5-50. The solid curve i9 the
convrage expected in the absrnce of birds or ground clutier. The reg..n shown verfically shaded
18 that which woula be lost berausc of birds on an average day. On daye of anomalous propags~
tion, the Di:rds are often vissble to 100 n.un., 18 which case the \-frh_rauy shaded region would
have 10 he ertended accordingly. On days of extremely anumslous propagation, birds have been
observed to be visible even farther. Ia o-der for the eatreine radar visibLity to occur, st is
neceseary that the radur energy be trapp=d in a waveguide-like condition. 1 which case the sig-
aal strength falls less rapidly than Ii". On such 3 day, STC may give scnie improvement, but
80 "clean” solut:on 18 readily apparent, since the ducting 18 alnost certain to vary as a functian
of uumzh‘. and the STC character:stic sould have 1o vary m conformity with it in arder 10 re-
move the birds completely.

In order 1) Gtermine the effect of &.°C upon the coverage, one first determines the range
at which the target being reyrcicd falls below the detection threshold. In the case of rejrction
of targets 30db above motse at 20 n.mi., this fange i3 approximately 95 a.mi. The coverage
with STC 18 then determuned by drawing a dashad line from the exprcted coveragy curve st this
range to the origm, as n Fig. C-1. The regicn lost by appiication of STC i3 indicated by horie
zontsl shud:ng, and the region lost either with or without STC is shown as dovhic-siaded. For
the aircraflt under consideration, the net effect of STC is to recover the rogion shiown only ver-

tically shaded, without adding any Joss that would not lrewldy exist because of birds in the
absence of STC. -

Figire C-2 shows the case of a lighter (F-i6), 1n which the additiona! loss due 10 application
of STC beyond the range to which birds are visible (tha bird horizon) is appreciable. For she
present SAGE concept, this rather serious coverage loss js acceptable because fighters are
tracked by means of IFF. An increase in radar coverage for fighters r 1y be accomplished by
means of a gate that turns off the STC action beyond the bird horizon and is adiustable to match
the STC maximum range to the bird horizon for the particular d2y and anomaluus propagation
conditions,

When the STC 18 thus gated off at the bird haorizon, no coverage 18 loat due 10 STC that was
not already missing because of birds; instead, 'cw-angle coverage i1s increased even in the pres-
ence d birds.

Figure C+3 shows the expecied roverage diagram for a bird target 12dd below an F-86 in
cross secton. Since no coversge is seen at 95 n.mu., the enquivalent of the dashed lines 1n
Figs. B-t ard B2 removes the entire coverage, as espected. In fact, STC of 26~db attenuation
at 20 n.mu. would remove the: whule disgram. The difference beineen 26 and 30 db is due 10 the
qualitative nature of the cross-section esumates,

Since the birds are primarily a¢ very Jow altitudes, one might capect that ag they approach
the site they move up into a different region of the antenna-gain pattern. One would then be
‘erpted to tailor the STC 10 allow for this second-order variation 1a received signal. Since the
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birds are a1 very luw angles, toy are ia regiens where there 13 apprecisble lubing of e sntermn
pattern vaused by reflections of energy {rom the earth's surface. This lobing varies as a funcias
of az:muth because of variations in terrain. Aa mentioned in Sec. HI-C with respect 1o ¢clatter
pruliles, matching uf control waveforms to szimuth variativas usualir 1s not feas:sle at an
operating s.te, and the stcond-order improvement would nct justfy the great incresse 1a
complexity.
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APPENDIX D
EXCERPTS FROM STC INSTRUCTION MANBAL

{. DESCRIFTXON QN $TC UNIT

The Luncon Lunnrausy STC wnit Wig. Det) 10 8 seif—cantaned sni? St supplivs STC sad
slse replaces De maunuai-gain contrul provided with the AN,/ FPS=28. The STC wait is comprised
of nine sectncs (Figm. 12 and D-3).

A, Trigger Sangimrdizer

The tr gper stumuurd:zer consiats of tube V{ and pulse transformer T1. The first sticge of
V1 couples the svsiem. trigger o the blocking oscillaver {second secuion of Vi) aad seelates the
blocking oscilatur rom the input circuit.  The blocking.oscillator converts she system trigger
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W s puise of vroy ~> ~.A1nge, shape and impedane level to charge the STC capscitors and te
IPIELPT Dot qate-tengh™ o tvitrate VI, ‘

The pulir kngth of the blocking ssciilake i spproximately Tysec as dotermined by the
oy iance 10.022 and §.04%414) cm wrmisal ) of TP. (The transformer T3 is such that oaly
R:8 g2 decircult capacitence need be adpsied for pruper puise lengh.)
4 The trigger for Vi 16 1ahen from Wrminal § of T1, and the STC capaci‘ors are charged from
term.saintel of T, The I1NT3 (D2} acrase 3<b clips any posiure overshoot that insy occur,
thue insur.ng propre charging of the STC capadiiors. -

$. Target -8iza Contrel

The target=s120 cunirel P3 reguliwe & {IC yoltage that determines the size of the target 10
be roprcwd. .

€. Gate-Langth Muitiribartes

The gate length of the multivB.u107 @ cuririled by 3 DC vollage that is determuned by PL
Tas inaare propee 1018ge0iIng by the negAlsw jawe from termiaal § of T4, 8 1N3O2 (DY) is placed
scrims the 30-lulhm resistor. Th.e <ixde redu es e charging ime of the capacitor, thus
SIVing 8 {ast rise ime.

v

3 Przontiometer 1 18 sn imvernal adustmont W sbtsin the proper Variation in gate length when,
! berssre of 2 nea tube of aging of componenta, the gate length 18 nat correct (250 10 1400 psech,
, «r when !ree runniag wecues at the esiremes of the gate-length potentiometrr P2.
i The 1593 (D10) clatps the mulUVIbesiue pulse 1o the roper potential dusing the STC interval. -
i

13
: D. Time Constants N

-

-

The 40~ and 600-pee: time constants are chergrd L.rough the 25-volt zencr diodes D3 and
09, »hich maintain & low impedance for charging the STC capacitnrs while maintsining 8 bigh
impedonce «n disharge of the capscives. :
The buas un D3 and DS, deve'~~ed by the 44« aed the 7.5-kilchm resistor and applied through
“termineis S-4 of T1, I8 W maintsin the diodes rmeunduct.ng betveen churging pulses.
f Tiwr sener diodes (M and Db govern the masimum voliage 1o which the capacitors are charged
approvimately =1° vulte),

Nte: For .roper STC operation, buth (i constants must be

B .

e . present.  Ne attempt should be aude 10 change the wave
‘ shape, If failure occurs, conysaonts may be replaced
]

1

) but ROt chonged In valve, ¢
¢ £, Addwg Netwert '

. The s4ding netwurk enngists of 8 series reaintance in each section. (40usec time constant:
470k lhmse; 600 0ec ime constant: 470kiluhme; muitivibrator gate: 1.2 megohms; target size:
10 h.iovma.)

4




¥F. Gala Limiter

It '8 necessary 10 limit e smusumam bias (thus Jliciting maximem gaia) 12 erder that noise
a1 long ranges will not exceed the threshuld level in the data processer. Fotenuvmeter PY, in
conpunction with diode D7, accemplshes this functian.

4

G. Driver

The driver V3 is a "Whte® cathode follower that has an AC autpat impedaace of 0 chms.
This i8S necessary 10 presemve e wave shape v the presence of the capacitive loading due 10
the decoupling network m the preampufier hiss circuwitry.

K. Maanl-Gais Contrel

Manual gain is sccumplished br setung S8 to0
desired jevel.

| and adjusting poteniomesr P4 for the

. OPERATION OF STC UNIT

More complete descriptions of the STC unit, as well as installation and operating instruc-
tions, wiil be published in a forhcomung Lincolm Manual. :
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